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The develonvment of hich sneed comnuting devices 


sridqd the perfection Of metric: methods has mede it vossitle 
to cerform quantitative analysis of the vibration 
caaractcristirces Of Scemelexm>ioinessystems. Such analyses 
reauire tne use of accurate input dat2, suck as dis- 
tmucubedemass ane flexmugal rigadity. 

In this study experiment was compared with theory 
in 2 free-free beam configuration in order to assess 
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[lexuUmel Prreedity and mess distribution caleuleited 


[Troma tormlit ed Seemac tual Gaggepici cnatleand welpnt= date. 
In adeition, data was obtained to assess the damvine 
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i Le eroduction 

Thegeractwoel] difficuities Cimeeicula vimana buns) 
vibration frecuencies of complicated viping systems have 
heretofore been so overwhelming that the attempt was 
seldom meade in praetice. Instead, the general theory 
e. Vioretions [1,2] was applied in a qualitative way as 
eeeuide to design in order stoeminimize the crepes ot 
Cccurrence of unacceptable vibrations. However, with the 
develooment of high speed computing devices and the per- 
fection of matrix-anelytical generalizations of Holzer- 
Prohl-Mykelstadt procedures by E.G. Pestel [3] ane his 
associates, it has now become vossible actually to perform 
quantitative analysis of the vibration characteristics of 
complex vipins systems. Since the theory and the automatic 
SemDutationwmrocedures are both capable of a high order 
Baeceouracy, 1t ls reasonable to evaluate the inpurc data. 
pee 2s distributed mass and flexural rieidity, to a 
Gomoarable demree of accuracy. 

This study was intended orimnarily to compare theory 
moon @xoeriment in 2 simple reometricel confiruration 
meen y amenable to analytic treatment in order to assess 
mae confidence that could be attached to values of flexural 
Pipidity @nd mass distribution calculated from tabulated 


era ectual dimensional end weirht data. At the same time, 


I yumber in brackets refers to reference in the 
Bibliocraphy which apvears on pare 15. 


1 








it wes decided to obtain data thet could te efed to assess 
damping ehapecteristics. Speci iiegii at eoeeeve Stigation 
es Limited’ toma study ot “irerer feet or vonewe mp leror 
insulation and wsinge water as the fluid contenmtss 

Briefly, it is concluded on the basis of themstucdies 
Pomorted herein thet natural frequency pn be predicted 
Guicte accuratelyebyusnaly tical meansiand thateatiewent 
emMhins in 2 nipine system, even including the effects of 
misuletion*and fluid cOMtents, iS so slie@nat tL it cannot 


be considered as a reliable and substantial energy sink. 





eC.  Seaperimental Bethod 
Theces2ren tio, beopaatecaniqucteaie eile Tometudy 
me’ viprstory nd dampins” behavior of materials %and 
Structures, the steady state methodmema the transient 
metnod, General laboratory wsesof either of these methods 
@me the s2me essential eculvmemt requirements, viz., 
2a V i bee tLOnmg@enecraterwcapable of producing 
vibrations over 2 usetul frecqwency speemaum. 
b, Accurate means of determining freouency of 
vibration, 
ec. Equipment for display of steady state vi- 
bra thonsmemeGmtimMendecay mois eaimo nice 
the steady state metnod offers the principal advantage 
Of simnlicity in computing damning effectiveness. In this 
mar Od 2 condition of sleoreed vibrations at 2 resenan. 
Meecuency is established and the amplitude of vibration is 
@etermined. Then the frequencies on either side of resonance 
at wnich the amplitude is one-half the resonance amplitude 
are determined. The retio of the resonance band width 
(difference between half-amplitude frequencies) to the 
resonant freauency serves as a measure of damping effec- 
tiveness and can be related, approximately, to the log- 
seithmie decrement wor small damping faa). This method 
Offers distinct advantarces where measurements of damping 


eitrectiveness are to ce made over a wide ranre of fre- 





ouencies,. 

In the transient method, vibrations are induced 
in the sveciren and then vibration excitation is suddenly 
Etoppedmmllowing the wibtrations to decay. The time decay 
of vibrations is recorded and trom these records tie 
Toga itnamic decrement, which serves as a measure of damping 
effectiveness, can be determined. 

It would acvear at first glance that the transient 
Mentnod Orters no @dvantare over the steady state method, 
However, such is not the case, If a weight is hung ona 
peam, energy in the form of strain energy is stored in the 
beam. If the weirnt is suddenly released, the beam will 
vibrate freely with some time decay until all the strain 
energy tnat was present is dissivated. At the instant 
“mepration starts, many modes are present. The vibration 
amolitude of the fundamental mode is by far the largest 
°ena for all practical vourvoses the fundamental is the 
eely trecuency remaining artter a period of about one 
second. This errect can te seen in the time decay graphs 
imrmnmonrendix IV. Due to its predominance, it was considered 
that the fundamental is of the freatest vractical importance 
in most cases. Tnis led to the decision to limit the 
study to the fundamental. Having narrowed the scope of 
ere investigation, an advantage of the transient method 


was established. The advantage here lies in the fact that 





Utilization o@ the treansient moetiod lemes tc a siimsle 
Weamcect exciting, vibritionsmeand also tossmuple: instru- 
nNentation. Accordinely, tHe transient method was selected 
as the method to be used. 

INn“taArsSeStadyean1OCMhn weirht was hune at the center 
o> tre beam svan on a short piece of smell mild steel wire. 
iteetot2l strain energy thus stered=in the beamiwaceon the 
order of 1 in-lb (see Apvendix II). The weight was suddenly 
fmMeteased by melting the small wire with a provane torch, 
iereby setting up free vibrations: 

The fundamental freouencies of vibration anticivated 
mo itnis test were in the 10-30 eps range. This made it 
Mossible to use some rather simple instrumentation. In 
Pec On oO 2 Variety of ccmmerclly availoawle vibrerren 
Prekups, Ordinary resistance type strain fages can be used 
fer sense vibrations through the cyclic variation of stmaims 
memtne material to whieh tne gares are attached. This 
Seosins smenalewmust be amplified end recorded withe some sere 
mmo ynemic Strain measuring and recording eaulpment. Strain 
Pages were selected 2s the means of sensing the vibrations. 
A Brush Strain Analyzer (Model EL-310) with its companion 
meelllerraon was selected to amplify and record the vibra- 
mons since the fre@uency ranee cr this ecuipment snans 
mae reg@uired fTrecuenem range. 


It was considered desirable thet the investigation be 





Conducted on pipe cof swPicient size to rcser. tie resul te 
reasonacly meanineful cn en industrial besis, “Accordingly, 
a four inch (nominal) dwereter standard vive was chosen. 
aoa teins bermer wae consimiened too Mawre to WMendle@with the 
@eece oa Tecllities “velWMitle. 

It was essentisl thet tee experimentel ee neratus have 
ermconeury taet would make 10 @menable to a remsom—ebly 
2ccur*te mathematical analysis. Any beam-like confipuration 
meas cCOnNSicered setisfactory. A fir@e-free Beam conrisure@t1on 
was selected because or tne practical manner in which the 
roe could be sunvorted at the nodal points with standard 
Dive henrers. The basic exverimental a@vvparatus is somewhat 
pedsYr in vrincivle to that used by other investifrators 
5,6). A full description of tne Soperatuis can be Found in 
mpoencixz III. 

For purposes of matnhem@eticeal cnalysies 1 Lewe@emneccomscory 
to make an assumption establishing end conditions. Avprox- 
imately two-third of the length of the standard (ASA E16.9) 
pire c2vs used to seal the erds of the pipe had the same 
eross section as the vine. This length was added to the 
memetun) Of the pipe andthe effective length thus obctained 
Meeeused in calculations, The weight of the remainder of 
Beer cap Dlus “ene weld material used in fastening the cap 


to the pipe was assumed to be 2 small concentrated weight 


at each end of the beam. Solution of the dirferential 





Game clOn using this assum@tion can be found in Amrendix I. 

After having obtained a solution to the differential 
equation, it was necessary to evaluate the flexural 
rigidity to be used in making» the desired frecuency pre- 
dictions. The contained fluid might ce expected to con- 
tribute something to the rigidity since it has finite 
meccOoSity and cohesion. The effect of such contri bution 
Was considered to be so slight that it was ignored entirely 
mecomputbaticns. The relatively small modulus of elasureity 
of the insulation led to the -FCelief that there would te 
metry re;conbtribution to riricity from teis source. Calcu-— 
Mm tion Of wthe equivalent flexuralvrigiaitysor the goime- 
insulation combination (see Appendix II) confirmed this 
mewier, The eoulvalent flexural rigidity was found to 
peeter from the flexural rreidity of the prpe alone by 
about .5%. The small difference in the calculated flexural 
rigidities implied that reasonably accurate sreuueney 
Preaictions could be obtained by neglecting the stifiness 
Peneribution of the insulation as well as that of the 
water. However, for purposes of comparison, it was de- 
@pced to include frequencies calculated using both the 
memivalent flexural rigidity and the flexural rigidity of 
iste Clipe alone, 

Siew Oe i Lamic decrement, Oo, of the fundamental vik- 


raticn was chosen as the mesns of presenting the damping 





fweecuivenecss results. By definition $= A Im 92 [1, 2|. 
The decrement is easily determined from cities 
Pecerds of vibration decay, It offers the advert po or 
beins 9 dimensionless figure which can be aoplied to any 
Sawecn@ena it-cenrcte readily related to other measures of 
dammine effectiveness 4a - Details of detemminimg deere 
ments from the experimental record cun be found in 
mee oenaisa IV. 

Mie followins test conditions were used dura sae 


moves tiration: 


ies pe condi b10n Description 
A ----------- Bare pive susvended at calculated 


nodal pcints without insulation 
and without fluid contents. 

B ---------- = Bare pipe suspended at caleuteved 
nodal points Without insu ation 
but filled with water. 

C ----------- rive suspended at calcuheated nodal 
POINCS wLth insulation anopliedceiiue 
Vithout Pimd comvents. 

D —------~----- Pive suspended at calculated nodal 
POI oe Lene InNSsuletionm soplted. end 


filled with water. 





3. S&8xveriment2l1l Results 

The results of this IMvestieeiommeme Digeecnted in 
Table I. In addition to the observed experimental results, 
Pie orecicted fundamental Ire@uencies are presented ior 
comy2rison vnurposes, 

It is evident from Table I that’ the oOb@erved fundagental 
meequencies are in good arreement With those predic vcdse, 
Ordinary team vibration theory. The maximum difrerence 
meuween the observed frequencies and the calculated fre- 
ouencies based cn nominal dimensions is 2.5%. In the case 
of calculated frequencies based on actual dimensions the 
maximum difference is less than 1%. The accuracy of the 
observed frecuencies is t .25ceps as read from the oscil- 
Meeraphn charts. If we assume that the maximum error exists, 
the a@ifferences above are 3.6% and 2%, resvectively, which 
still shows good agreement with theory. The larger differ- 
ence found in comparing observed frequencies and the cal- 
cul2ted frequencies based on nominal dimensions can ce 
jmeeced to the fact that the tabulated weight data for tne 
insulation is considerably lower (abcut 20%) than the 
Mmera2l| welent. This discrevancy can bce attricuted, at 
meter if part, to the presence of molstmvemim the new 
maysul2tion. Uoon heating in service, the discrepancy 
can ke exrected to diminish somewhat as the moisture 


P . | 2 ! 
evaporates and the insulation "cures", 





TABLE I 


axXPERIMENTAL RESULTS 


Test Pred io wee Observed Logarithmic Static 
Condition Frequency Frequency Decrement Strain 
cps CDS io in/in 


nominal # actual $ 


A-~ Pive fag 0) 5 Pg Pe Cee 0043 LS Pa 
Alone 


E- Pive ALO W Hag © Ps 2 20.5 0048 20.5 
Filled 
With 
Water 


C=] maoty 2.5.56 
Insulated 21.41 
Pive 


BOS 20.9 .0068 


20.,0€ 


N 
ON 
® 

WN 


@ * 
© x 


Peinsulated 18.43% SHANG, “ag 18,2 ~0062 25.5 
Five 18,49 @ ex € 
Fable Led 
With 
Water 
# Based on tabulated nominal dimensions 
¢ Based on actual dimensions 
™ MUpployed flexural rigidity of "pipe only 
Se Snoloyed equivalent flexural rigwdae, of 


pive-insulation combination 


(8 





in peew test ct the pise alone, tne Wmegsurenents of 
Vib@RLion decay were essentially @ measurement of tine 
amping capacity or solid friction of the pipe (mild steel). 
The value of the logarithmic decrement found (> =,0043) 
is reasonably consistent with values recorded in the lit- 
ee uure for fléemuralyv2cratvions [ap }. Since One or Wide 
6bjects of this investigation was to determine the effect 


Leciade thon Cimwmreeweententstand Insulationpethe@et tect 


ih 


O 
©: possible imm@ecuinacy in the true walue of dampving effec-— 
tiveness was net considered imvortant and the value fcund 
Wes considered to be a valid reference for comparative 
DUrvoses,. 

The logarithmic decrements found in Test Conditicns 
5B, C,wand D indicate thet water, insulation, end the water- 
misulation combination make contributions in some degree 
Mereule Gimping effectiveness. It should ce pointed out that 
ZoeoweaLer-insulation combination contributed less damping 
me te insulation elone, Also, in the sample oscillo-=- 
erenh record in Apvendix IV (Figure 9) some superimposed 
Peeille2tions can be observed in Test Condition E. An ex- 
Meee2aticn oO: these effects might be found in @ more complete 
energy analysis of the 2vnparatus, but this was considered 
memics cCeyond the scope of this investiration. 

Peewee Foewmeacured values of dampine erfective= 


ness can be attributed to energy losses outside tke svnecimen 





feel MO errors in determinin> tH@® losa@rithmic decrement. 
Loeses outside the snecimen were not considered to be im- 
rortant 2s long as they were held to a consistent minimum 
bec2zuse of the comvarative nature of the tests. Vitcration 
feclitudes from thesosciiltopraph record weremmegeured Lo 
+.02". With reasonable care in determining lorarithmic 
decrements it is estimated tnat tne values of individual 
decrenents were 2ccurate to within 5%. The significance 
©f t¥is derree of accuracy is diminished when we consider 
mee twe soread in logarithmic decrements was sreater than 
5%. However, this does not in any way weaken the conclu- 
sion thet the addition of water and insulation reswt 2n 
Zittle oractical contribution to damping effectiveness. 

Ey the use of elementary strength of materials we 
Meee ble to*predvet (see Appendix TP) that the static 
ferain tO be empeeted at the gage locatwons with a 100 1b 
load suspended at the center is 27 pin/in. The static 


strains found exverimentally (which are accurate to within 


eye asin) agree essentially with the value vredicted. 


2 , , 

liberal acceleretions did not exceed g. Contained 
fluid might provide damping in cases where lateral accel- 
me LION iS greater than ¢. 


ive 





4, Conclusions 

wroOm tne results Of nis investimatiom tne following 
comelusions can be drawn. 

The@eoreticel vrediction of the natural trequemcy 
of vibration of a piping system involves a knowledge of 
mecefeomeury, the nature Of the constraints, and@ine 
evaluation of some combination of unit mass and flexural 
Mmetaity, Inige= study avonded the complications whiecn 
might be associated with a complex geometry and a com- 
plicated system of constraints. Attention was focused on 
the w/EIlg varameter which is important in theory. From 
t2is study we can conclude that the parameter can be 
evaluated successfully by actual measurement of the weight 
and dimensions, end weal ele st MIG ImMeMnal Treguenicy sO maven 
Mee tiOn can be predicted quite accurately. In addition, 
meee the contribution of the insulation to flexural 
Preidity can be calculated, if desired, it appears from 
mos Study that any contributions from fluid contents or 
Meeulation are negligible. It is possibly fortuitous in 
wae case of the pine used in this investigation that 
mbulated dimensions and weirhts gave values very close 
to those actually measured. Agreement in the case of the 
M@eulation is not as good but still reasonable. It is 
MOt possible to assert on the basis of anything done in 


Mais study that such agreement will always be found, How~- 








ev@r, it Appears reasonable to si@mest that, in the 10seice 
ef more relemble aetey food predictions can be made on 
toe Qesis of nominal dinensions@in? Welemits unless there 


wwe remson to celieve that the metus pive and insuletion 


aay 


me question differ apprecisiely from nominal, 

Moreover, we can conclude thet while botn fluid 
meeoenos. 210 “isulel2oOn COVeEring maze 2 contribution. co 
mepravion damvuimie, it is by no means a substantial one, 
[rom 2 omactical standpoint we must still rely on other 
M-encies, such as vibration absorbers or the characteris- 


mees Of the nancer installation, to supply most of the 


energy absorvotion,. 
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APPENDIX I 
SOLUTION @F DIFFERBHTIAL SQUATION 


The differenti@l ecuetion for 2 Ieterally vibr@ting 


beam of constent cross section is Gale: 
< 4 
— a’ e os eqn 1 | 
at a= 0 
Winere 





con fig 


Pleuise 


mesimins @ solution of the form 
= Os wt(C cosh ay + Cocosax +4 Ce sinh ay + Cy sinay,) eon [2] 


we obteain 


y= ud ces wt (Ceosh of +C, cosay + Cy Sach op t Cy. Sim oy.) = ~oSy a 
4 a. coarit (Csinh oy —Crsimnoy + C3 osha +Cuceg a.) a 24 
4 ab eoauit (C,eorh ap -Cy too ay + Ca sinh ox—Cy ound) A ef “ia Pe] 


ti 


y= Ot bos wt (0 sinh ow + Cy semay + Cy eoaho. — Cy ooo ar) = ae eon [2a 


é 
where = 


ca and ‘= g 
Be By. 





For « free-free beam with a concentrated weient, P, at 


pac ena time Counmd@ry conditions are: 
V=O 
at Y“L=O0O 4 = O eon 22 


a Ce b mes . eon be] 


Ppplyings the first set of boundary conditions eqn (3a) we 
fond toat 

C,=Cy=O con [ia] 
[eolyine Lone Second set of boundary conditions eon [3u, we 


mind thet 


C2, =C Gash ab eon [4b] 


| Gee a 


an 


eae | Cah ab + Cet Gb | ees wt. = 
- But (c, exchak ‘ee 
a ewsh ab + C, corab| cor wt 


fiewe use equations ral eel [40] and rearrange terms, 
ecuation [5 | becomes 


tom ts + tamu=e-Ku eon [6 | 


wonere 


k= ot son [be] 


A = abd eon [60 | 





There @re *n infinite numcer of solutions to ecu2tion [6 | 
and this implies an infinite numoer of natural frequencies 
ane modes. However, since we are concerned in this inves- 
Ceettion with tne first mode only, we shall seek only the 
Seeeericgl solution for tae lowest value of cireular fre- 
meeney. Prom this numerical solution the fundamental 
mec@ucney Of Vibm@ation for the varneus test weondawions 
ean be obtained. 

Poe Sure titeemnS Values oOl tne arbitrary conveuaaue. 
C1,0o, Cz, and Ciao eavetion [2 | Wewebtain 


A = cachon + SER coe ay con(7] 


Cre UL. 





myeune node looints y=O and eouation (7 | becomes 


Ct Cau OL 
CT —_ vi ecn|8 | 


Pe yerro outa Meroe liG fore tren ioe numeri cal 
solution of eauation [6 |, it 18 pessible to sclve for x 
in eourztion [8 | to determine the nodal noints for the 


Wearious test conditions. 
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APPOLR” IT 
MAPSCL LUA ZOUS CALCULATIONS 
Structursl anc scometrical 9ata 
Tae dita listed in Table II were used in all ca@il- 
msoaations in this section. 
mecaicted Frequencies 
with the aid of five place function tables and a desk 
Bemeculacor, a2eccurate solutions for uin equation [6 | of 
Avooendix I were obtained. Only those values of u corres- 
mondinme to the lowest circular frequency in each test 
condition were determined. Using eouations Sb | and [1a| 
and tne vertinent date listed in Table II the circular 
Mee aeieto om er onca Cul Tedrdirectily., “tne Treouency in 
evciles ner second was then calculated using the relation 
w= 2rFt 


Boul tions [5] (ou) and fe are reveated below. 
eon. Paine tk. = -Ku eon[6 | 
a OW p eqn [6p | 


4 wow 
x GET eon [ta | 





dhese calculations were carried out with two groups of datas 
first, using the dimensions of the actual vipe used in the 
Mavestif27tion, and, second, using the nominal dimensions 


meoul?7ted In piving catalogs, In addition, twousets of cal- 


VS, 





Bie syle alia 


STRUCTURAL AND CiGm@EPRICAL DATs 








at eenerine mei nol me”. 





I - — 











EMA NOMINAL x 
4.520 & b.500 | 
4.038 ¢ 4.026 | 
241 & 62 
ar i 10.79 
924 | -099 
ee a G22 
30 x 10° 30 x 10© 
556 * | Sst 
(463 ~«% ot 9 
INSULATION ae 
CD, in | 9.50 ¢ OS 
| ‘ 4.50 
d 2550 
¢! Ad 3 
367 #8 
+ 381 % 
#4 4300 %#% 





# Nominal values are those tabulsted in catalogs 

for schedule 40 pipe and Thermobestos insulation. 

Determined by actual measurement. 

eee Calculations later i7ere1s Section, 

Determined by compression test of sample of in- 

sulation used. 

{@ Avvroximate weight furnished by manufacturer. 

7 Value inferred from manufecturer's data of com- 
oressive load to cause Ssoecified shortening. 


P = 2 1b b= 8.5 ft Saree in g = 385 in/sece 
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Culmations wers® carried out for each grou of dimensicns 

im Test Conditions © @nd D for the pumpese of eeaperison. 
Mesthne first, the simplification tht vote tres ter and 
the insulation added mass but not rigidity was employed 

And the flexural rigidity usea@ was that of the oipe alone, 
im the second sét, the contrrouvionm of tae Teal 2tion oS 
rigidity was considered 2nd an eouivalent flexural rigidity 
of the vive-insulation combination was used. The results 

O@: t.ese calculitions Bre tebulg@ted in Table III. 

Havine calculated uU and atone es Snot Tesciacon- 
Pevrions, tie location of the GCGOInts 42a vale to scuscend the 
Dive w2s determined ty solving for x in eouation (s| of 
Aonendix I using five place function tables and 2 desk 


eercul<=tor. Boustion [3 ] is reveated telow., 


Cert u_ _ Cer ou eon [8 | 





imese calculations were cérried Out Usime@ both the ectual 
and norrinal dimensions. The nodal points calculated with 
Pevvel dimensions were used in this investiration. However, 
were is little vraicticzl difference between tnrcse calcu- 
hecred sor actual dimensions tnd trose calcul*ted for 
norinal diwensions. The results are listed in the last 


forum of Table Ill, 
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JASE 


SUMMARY CF FREQUENCY CALCULATIONS 


Test OW) f q % 
Gondition ae rad/sec | cps in 


a et ee Ce 



















ACTUAL NSTONS 
A NO2e7s E745 
EB Ot sore 57.05 
@ 02287 | 130.2% 57.05 
130.7% 
D {0220 nh ener 56.85 
dil Oe 





OR iets e 
NOMINAL DINENSIONS 








sa 





,02271 | 157.4 | 25.05 
HO2287 || 12omcmel) 20.67 
502284 | (eee 21. soe 


154.59 [21.4100 


~.02295 115. Oe 
- rye 


LVS. ae 


16. 43# 
f 
arty: 








CS ae OT IE, Sry =. 


Distance from center of sven 16 "ea! Bsoint. 


Te re gt 


4 
Using flexural ricidity of pape omy. 
$ Usins eouivalent flexural:rigidity of pipe-insulation 


combination. 


ee 





= 
C2) 


= 
as) 


a: 


+ 3 
C4 
a 
[ 
’ 
y- 


Lom | 
; ig 
~ 














ror @ hollow circyuler cross section 
L= a (D2 - de | 
oe |e | 


In the case OF gge actual wipe Usee tae Ged ooo 


Lo (4.82 ~ 4.039") = 742 in* 


In the case of the lish tiem eee ae Be 


T=27(45*-457) = 39/ int 


wesc. CF GATSR Pin URIT UENGTA 


Ol) 


ion 





ln teesease Of nNomiss) Bie (ie jae ome oer oer 
Peet leet? 1S tacbuleted 2lOMeeWwilagel series) care. 
For the =ctual oipe used im the tests, this value must 
fe celculsted, 
The cross-sectionsl1 flow area of the actual pipe is 
z 


ae Zz | 
Area = a vi = x (4.03¢) = 12,82 in* 


The weight of water per inch of length is found as 


follows if 
7 2 onan Ae? 
W=(2.92 in*) (Lin) 7728 pas maGole. 
and 


W=( 463 Yin) (12'%e) = 5.56 /bfft 
Peel /aLaAnT FLAEAURAL RIGIDITY 
Meemeoculvalent flexural ricigite Ser tie bipe- isu lAticy 


co~mbinrtion e2n be calculated as follows. For nominal 





Cizpesions 


ET), = @o)(10 (223) = O16, F00)(0) 1b in" 
El), = €300)(381) = 257107) 18 in® 

G Leg EL). + (EL); -Q16,900 +1,257(007) Ub in 
(214157) 10?) 1b in” 


\\ 
r 


| 


I 


Similerly, for actusl dimensions: 
(ET). =60)(109 (7242) = G22, 60007) & in’ 
(EL). = @bso)(gvy) = botof(io?) 1b jn? 
El), - EX), + El) =(222,b00 +7010) (107) ai 
a (223, 6/0)(107) ie 


Bree these calculations we see that (El), and (ah), 
@i®@er br about .6%. For all preetie@e curnoses the in- 
peer On Goes not contribute rigidity but calcul tions 
based on botn flexural reeidities @re included for con- 
mmr ison purvoses, 
ace oe ERGY 

imeeune tLestins technicue Used teint seinvesticati on 
enerey in the form of strain energy is stored in the beam 
and dissipated in the form of free vibrations. From ele- 
mentary strength of materials we know that the strain 


pererey, U, cen be found as follows: 





rE 


| eee 
eer 24 





where & is the weicnt susnended from the center of the 
feam Tor exciting vibrations»ondsy is#ine Wel lectern 
} 


ne certer of tne beam. 


For ie team in this investi on 


— Qk 
4 = 49EL 


weere f is theseverare leneth of “tie serine iween sunrort— 
ine roints. Using Q = 100 lo, - 114 in, and 

nr Ze a ° eo . 
i= (215.9)(10°) 1b ain , We can determine thet 

xe 
merece: is the total amount of energy stored in the vean 
meror LO initiation of Tree vibra ous, 
STATIC STRAIN 
From elerentary strength of masterials, the strain to 

be exnected at t:e strain gege locztion from a 100 1b load 
susnended at tie center or tne olive can be calculated as 


shewn below, 


BE Blb-3( Balen 


- GoOVS2)225) _ nation 
(30)(10°) (7.23) <7 pin fin 
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SyrPemOolx Il 
SAPER IEE TAL APIERRATUS AND Fae URS 

asic Apparatus 

The beisic exnerimenteladom@aratus censisted of a 16'8" 
lenetn of four inch standard carbon steel pive (Schedule 40, 
ASTM A-53, Grade B). The ends were closed with four inch 
suamma@erd ASA carbon steel butt welding caps. Cne caumias 
mecveCad with two one=halr inch tapped hnolesw@er filling and 
Grazining the pipe. 

Tne pipe was susnended at the nodal points forea 
tree-rree beam configuration with two ring type pipe 


4 


Mangers. A strip of mild steel 1/16" thick was claced inside 


tty 


Pec aye Bongers to lnsure contact around The circumference 
S tbe Sits at, tre suspens on roints., Thteestri peveseusced 
bec2use oreliminary tests snowed that witnout contact .com- 
merely Sound the circumference an excessivemena Irreswiar 
Srersy loss resulted. 

A tcrird rime type pipe hanger Was anvemied end aAtltacied 
At tne center of the span of pipe. To this hanger was 
attacned a rod and a weldless eye nut to provide 2 means 
Beescuspenaines the load. 
ical! tion 

The insuletion used was Johns-Manville Thermobestos 
ait 


Pasul@tion (2 LO thom | elrece 


Os 


thick), liiwas ecolie 


mie lemeth (17'O") of the eine. THe voids around the 
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kawemers were filled with Johns-=Manvilie #7450 insuleting 
Cement. 

In order to render the results more meaningful indus- 
eomemiily it Was considered desirable tc remMeve ery inmcon- 
Peeve clies tngdt ni@at mwrise fromeigulty Creeeecuree li co - 
rem Gf the insuletion. Accordingly, tlwemmictlwal @en1i ation 
ciewec onsul~ tion's performed Ly whi expermenced peraon 


va 


Pern Ge CSCoOMicues cOm™only erpvloyed ir the havy. 

THe insulation wes cut ANG Bir meied mores eaeoie 1b) anc 
Sera seca into pllsice with standere = insulator stravoim. 
ite OVeErljamping crneese cloth covering was tmen smoouned 
Gee Od secured Witn wheat vaste. 
mee Lrume de £10n 


am mm ee 


mnesistance tyne strain fares were used to sense the 


= 
Vibrstions. Four Eeldwin SR-4 tyoe 4-& strain garces were 


BemiLed near tne eenter of tne gp2en of vive @s shown in 


«] 


emeure 2. 





a 
| 
i 
t 
i 














Hk 
pee Center On Span 


IGURS 2 


hry 


For vibration measurements, rares #1 and #2 were 





Gane wer 


— 


ep) 


used me 2 two-=gegc Lrixtge. Lagcés Crom tikgs 


eornectea to 4 3Strnin Anelyzer Model @L-310 (Erush Devel- 


& 


oonent Co.). The output was recorded on a companion 
Frasn cdirect-inkine oscillofrepon. 

For static strain measurements a four-gare bricre 
comvcosed of all four gares was used. Measurements were 
meen with a Ealdwin-Lima-dHamilton Tvpe w Strain Ind@eator, 
meocriment2l] Procedure 

Prior tc each test tie srusin Strair analy 2ewrn 
warmed up and balanced in accordance with the manufac- 
forer s instructions. No cttermst was made tov esi Lr te 
bee Crush eculoment femPccurate strain measurements, iIn= 
stead, maximtum gain was used in order to obtain maximum 
initial amvlitude of vibration. The beam was then loaded 
with a 100 1b weight. A short length of #16 mild steel 
Wire was used to hang the weight on the loading ring. 

After startine the oscillogr2nh at the desired paper speed, 
the weight was released by melting the wire with a vrovene 


= 
my 


Or e&ch set @imbest concitions (cum eaues Were 


g9 


mercn. 
mace usine a paver sreed of 25 nm/sec (Runs #1,2,3,4) and 
three runs were made using a paver sveed of 125 mm/sec 


(Runs #5,6,7). 
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APPiD le IV 
RLDUCTIOMWsOF ERPERIGZNTAL DATA 

Miagrimentel Data 

Reble IV is trbul-tmen of the experiment ied. 2 
moerime tal] Frequencies 

Tne otserved Tundameittel fregue icy of vioration was 
eter ined by countine wre number of cycles in arranden 
Pree Secon] period meaftermt least one second nad elepsed 
Meech Of toe three runs. The freoucreites tChucecbusiied 
actunlly veried less than 1% and the frequency listed in 
ware ui@mic Of exoerimental results is the avergec of tne 
triree freouencies. 
Meearithmic Decrement 

As rertioned earlier, 2 total of seven runs W2s made 
for ech» set of test conditions. On each run, 2 zero time 
Meee li tude “eascurezerts was selected arbivVmarily 22 cer 
mm le%ct cne second of vitretion kad elaused (for reascns 
previously mentioned). At this point a short vortion of 
the envelone of the vibration decay curve was determined 
Beecrawine the best straight line through two or three 
pe2=s on each sice of zero time, The measured zero am- 
mec c, 285 , Was the distance between the envelcpe lines 
en the zero time line. Three more amplitudes (A,, Aap, 
sale! a) were measured in the same manner 3t an elansed 


tenet, 2nd %n cyclés, respectively, rem Zero time, 








S1on GQiteory we now et @ Blot of in A vs n is Sestmaignt 
ling. the best value ar logperithmic decrement is the 

Slage cf the best str@ight line on the semi-lom@ plot. 

Por exch run such ® semi-logs plot was made and the lore-— 
rithmic decrement wes ceternined &@s indiceted above usingr 
ime Sslore of the best sitaient line. The avergee of 2m 
pewer velues for eren test condition is tre value revorved 


im. wmie results. 
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